This investigation is directed at improving sunflower using hybrid forms resulted from interspecific hybridization. The aim is to create new B/A and R lines from interspecific hybrid forms that are resistant to diseases, the parasite broomrape, herbicides, and other stress factors and are characterized with high combining ability and to obtain on this basis highly productive oilseed sunflower hybrids with varied fatty acid composition of oil.
INTRODUCTION
The implementation of interspecific hybridization for practical purposes began at the start of the 20 th century with Saciperov's attempts (1916) . These and other later investigations showed that as a result of crossing different Helianthus species with cultivated sunflower new sunflower forms resistant to different diseases and the parasite broomrape could be obtained (Pustovoit V., 1960; Pustovoit G., 1975; Put and Sackston, 1957 and 1963; Leclercq et al., 1970; Fick et al., 1974; Škorić, 1985; Jan and Chandler, 1985; Christov, 1990; Christov et al., 1996; Hristova-Cherbadji, 2007; Christov, 2008; etc) . Leclercq (1969) found the first cms source originated from the cross between H. petiolaris Nutt. and cultivated sunflower. Other cms sources were found by Whelan (1980) , Vranceanu et al. (1986) , Serieys and Vincourt (1987) , Christov (1990a) , Christov (1999) , and others. Soon after the discovery of the first cms source, the sources of Rf genes were also found by Kinman (1970) and Enns et al. (1970) . The discoveries of Leclercq (1971) , Fick et al. (1974) , Christov and Petrov (1988) , and others followed in this direction. Investigations of Helianthus species were carried out in some other directions.
In this report we present the results of investigation of interspecific sunflower hybrids and the use of the hybrid material obtained for developing lines with economically important characters suitable for use as parental components of new sunflower hybrid cultivars.
MATERIAL AND METHODS
The investigations were carried out at the Dobroudja Agricultural Institute, General Toshevo during the period 1983-2010.
Plant material
In the investigation we included hybrid material originated from 38 Helianthus species and 16 cultivars and 18 lines and their sterile analogues of cultivated sunflower Helianthus annuus.
Methods used
Methods of intraspecific hybridization and selection were used. They were in the form of crossing between interspecific hybrids and crossing of interspecific hybrids with sunflower cultivars and lines. Self-pollination, sib-pollination, backcross with pollen from cultivated sunflower and pollination with pollen from different interspecific hybrids were implemented.
Evaluation of resistance to diseases and broomrape of the studied plant material was carried out using methods confirmed at the Institute (Panchenko, 1975; Tourvieille et al., 1988; Christov, 1990; Christov et al., 1992; Christov et al., 1996; Fernandez-Martinez et al., 2000; Encheva and Kiryakov, 2002; Christov et al., 2004; Shindrova, 2006) . Seed oil and protein contents and fatty and amino acid contents were evaluated according to methods confirmed at the Institute (Rushkovskiy, 1957; Stoianova and Ivanov, 1968; Ivanov et al., 1996) . A Nuclear Magnetic Resonance apparatus and the analyzer Hitachi L-8500 were used for the evaluation of seed oil content and for amino acids, respectively.
Morphological characteristics were assessed based on phenological observations and biometric measurements during the vegetation period and on the basis of laboratory studies of whole plants and of seed material obtained from them.
Sources of cms were sought among materials obtained from crosses wild species × cultivated sunflower. For obtaining sterile inflorescences pollination was carried out with pollen from B lines or cultivars.
Firstly, sources of Rf genes were sought in crosses sterile sunflower lines × wild species. The presence of Rf genes in the genome of wild species was established in F 1 . Forms with Rf genes were also found in materials obtained from crosses cultivated sunflower (B line or cultivar) × wild species and wild species × cultivated sunflower.
The development of sunflower B lines was carried out by purposeful selection in the hybrid materials, which in most cases began after the third generation. Evaluation and selection of materials began on the basis of their morphological, biochemical and phytopathological characteristics, the absence of Rf genes, and the presence of good combining abilities.
The development of sterile analogues -A lines began with the establishment of the fact that there were not any Rf genes in the studied material. After the BC 3 or BC 4 , the study of the general combining ability of the A lines developed began, and after that their specific combining ability was analyzed.
The development of self-pollinated lines, the restorers of fertility -R lines, was carried out mainly from crosses of male sterile lines with different wild Helianthus species. Purposeful and repeated selection and self-pollination of fertile plants was implemented until homozygous Rf genes were obtained. The obtained R lines, which possessed 100% fertility restoration and other important characters, were collected from both parental forms included in the hybridization. For creating R lines hybrids obtained from crosses cultivated sunflower × wild species and wild species × cultivated sunflower could be used.
RESULTS AND DISCUSSION

Origin of interspecific hybrids
As a result of hybridization between sunflower Helianthus annuus and 38 species from the genus Helianthus a total of 67,000 F 1 hybrid plants were obtained from all the species included in the investigation (Table 1) . Except for F 1 hybrids originated from H. simulans all the other F 1 hybrids gave seeds.
Creation of new sunflower forms from interspecific hybrids
The main reason for including wild Helianthus species in the research work on biological improvement of sunflower crop was the presence of resistance to diseases, parasites and pests. Studies on downy mildew resistance were the priority, and they were followed by studies on resistance to sclerotinia, phomopsis, phoma, alternaria, etc. Great priority was given to studies on broomrape resistance.
New sunflower forms resistant / tolerant to diseases and parasites
Among the hybrid forms with resistance to diseases and broomrape, the highest percentage were those with resistance to the pathogen Plasmopora helianthi.
Full resistance to Plasmopora helianthi race N o 700 was observed in more than 2,600 accessions, obtained with participation of 36 Helianthus species (Table 1) Studies on sclerotinia resistance (Sclerotinia sclerotiorum) were carried out in field conditions and in greenhouses. Different ways of artificial inoculation were applied and the most effective was that with direct mycelium setting in different uncovered parts of the plant (Christov et al., 2004) . High tolerance to Sclerotinia sclerotiorum was observed in some forms originated from Helianthus eggertii, H. pauciflorus, H. smithii, H. praecox, H. petiolaris, H. argophyllus, and H. annuus (w.f.) . This tolerance referred to those pathogens forms which infect the head, stem, and the basal part of sunflower stem.
Full resistance to powdery mildew (Erysiphe cichoracearum D.C.) was established in hybrid forms originated from the species H. decapetalus, H. glaucophyllus, H. giganteus, H. mollis, H. ciliaris, H. laevigatus, H. debilis, H. tuberosus, and H. resinosus. The resistance transferred from the species H. decapetalus was determined by a single dominant gene.
The investigations on alternaria resistance (Alternaria helianthi (Hansf.) Tubaki and Nishihara and A. zinniae Pape) began later. A more detail study of wild species was done during the period [1985] [1986] [1987] [1988] [1989] . At that time the first crosses for creating hybrid forms with resistance to alternaria were carried out. After that only hybrid forms were tested. During the last years the method of Encheva and Kiryakov (2002) was applied. Some of the obtained results were presented in Table 3 .
Races E, F and G of the parasite broomrape (Orobanche cumana Wallr.) were spread in Bulgaria. The last two races appeared in quick succession and this aggravated sunflower breeding. During the last 20 years a sufficient number of sunflower lines resistant to race E of broomrape were developed. From 2008 on the aim of the breeding work has been to develop lines resistant to race G of the parasite. H. praecox) . Full resistance to the parasite was exhibited by some new lines such as 7019 R, 7203 R, C 23/1, C 41, C 46, C 48, C 55, C 56, etc. (Table 4) .
New sunflower forms with high seed oil content
Some accessions of wild Helianthus species could be used as sources for high seed oil content in sunflower. This conclusion is based on the results established for different hybrid forms obtained by applying interspecific hybridization. Sunflower forms and lines with high seed oil content were obtained from hybrids with participation of the species H. eggertii, H. pauciflorus (rigidus), H. smithii, H. hirsutus, H. annuus (w.f.), H. nuttallii ssp. rydbergii, H. pumilus, etc. Some of the results for seed oil content are presented in Tables 2, 4 and 6.
New sources of cms
The total number of the new cms sources was 15 (Table 5) . Some of the sources differed from cms PET 1 significantly. Genes restoring fertility were found for all the sources.
New sunflower forms with Rf genes (R lines)
Thus far, more than 3,900 new R forms have been selected and obtained including 1,306 R lines which are fixed and named. All of them are resistant to downy mildew. Some of them were resistant to phomopsis and broomrape. There were lines which showed resistance to phoma and others which even had tolerance to sclerotinia. Part of these lines is presented in Table 6 .
New sunflower forms with normal cytoplasm (B lines)
New B lines were created only from forms obtained by interspecific hybridization. The total number of "B" lines developed (fixed) by the year 2010 is 289. The 
New sunflower hybrid combinations
Two groups of combinations were made. The first combination included crosses between old, confirmed Bulgarian A (B) lines with R lines obtained from 
New sunflower hybrid varieties in registration
New sunflower hybrids were developed which increased the standard in sunflower seed yield and seed oil content per unit area. Five of these -Musala, Mura, Maritsa, Mesta and Magura -were registered with the State Variety Commission at the end of 2004. The paternal forms of the hybrids Musala, Mura, Maritsa, Mesta and Magura were created from materials obtained by interspecific hybridization.
